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1. INTRODUCTION AND SUMMARY

1.1 MISSION PROFILE SUMMARY

The revised preliminary mission planning trajectory described in
this document is designed for a manned- config\ired spac.e'craft on Apollo
Applications Mission AAP-1/AAP-2, This will be a dual launch mission
with an unmanned vehicle (AAP-2) being launched apprbximately 1 day

after the launch of a manned-configured spacecraft (AAP-1).
The basic purposes of Mission AAP-1/AAP-2 include the following:

a) Demonstration of the capability of the orbital work-
shop (an S-IVB stage fitted with an airlock) when
docked to a command service module (CSM) to pro-
vide a habitable environment for astronaut activity
to complete a mission of up to 28 days from the time
of initial launch of AAP-1

b) Provision of an orbital workshop which can be stored
in orbit for a period up to 1 year and will be capable
. of reactivation and rehabitation for long duration
missions anytime within that period when resupplied

c) Demonstration of the feasibility of a long duration
(up to 28 days) manned spaceflight mission by use of
expendables carried external to the CSM

d) Medical, technological, engineering, scientific, and
applications experiments conducted in earth orbit
that contribute to future space applications
- For simulation purposes, the AAP-1 launch is assumed to occur on

15 January 1969, at 21:00 hours Greenwich Mean Time (GMT) (4:00 p. m.
Eastern Standard Time) from Launch Complex 34 at Cape Kennedy, Florida.
This late afternoon launch time was selected in order to insure daylight
recovery of the AAP-1 CM at termination of the anticipated 28 day mission, *
AAP-2 would be launched from Launch Complex 37B on 16 January 1969,

23 hours 24 minutes i5 seconds after the lift-aff of AAP-1,

*It was assumed that this launch time, which satisfies this constraint in the
PMP, would also satisfy the constraint in the revised PMP, but it does not
(Section 1, 2,5).



The mission profile has been divided into four periods of activity.
These periods, and the corresponding significant mission events, are as
follows:

a) First period of activities (00:00:00:00 to 00:23:24:15,
g.e.t. in day:hour:minute:second)

1) AAP-1 ascent to orbit inserting the S-IVB/CSM
into a 81-by110-nautical mile elliptical orbit

2) CSM separation from the S-IVB; circularization of
the CSM orbit at a 110-nautical mile altitude by use
of the SPS at second apogee

3) CSM coast until AAP -2 lift-off

b) Second period of activities (00:23:24:15 to 01:04:09:41,
g.e. t.)

1) AAP-2 ascent to orbit inserting the unmanned
modified S-IVB/airlock orbital workshop into a
260- by 260-nautical mile circular orbit, which is
immediately altered to a 257- by 270-nautical
mile elliptical orbit due to passivation of the S-IVB

2) CSM active rendezvous

3) CSM docking with orbital workshop

4) C§M/orbita1 workshop coast phase

c) Third period of activities (01:04:09:41 to 25:03:00:00,
g. e.t. ) orbital workshop experiments to 25th day.

d) Fourth period of activities (25:03:40:00 to 25:10:00:21,7,
g.e.t.)

1) CSM/orbital workshop separation
2) CSM deorbit maneuver
3) CM entry

1.2 MISSION PROFILE EVALUATION

The objective of this Revised Preliminary Mission Profile is to

present a realistic sequence of mission events which attempts to satisfy




the mission requirements and constraints as defined in Reference 1.
Problem areas that were described in the Preliminary Mission Profile
(Reference 2) and the analysis of these problems will be discussed in this

section.

1, 2.1 Launch Vehicle Performance

The Preliminary Data Specification (Reference 3) defines the total
and component weights of the AAP-1 and AAP-2 vehicles (Table 1). The
Lunar Mapping and Surveying System and its associated experiments have
been deleted from the AAP-1/2 mission, reducing the total weight by 4000
pounds. However, provisions are made on the service module to accom-
odate an additional 2383 pounds of RCS propellant (Section i, 2.4). The
result is a net weight decrease of 1617 pounds for AAP-1. This decrease
is the only significant change to the AAP-1 vehicle. The only significant
change to the AAP-2 vehicle is the addition of the eight solar array panels,
the total weight of which is 2741 pounds., Hence, the net weight of the
AAP-2 vehicle is increased by this amount. The new launch weights and
payloads of both vehicles were compared with the launch vehicle payload
capabilities of the Uprated Saturn I launch vehicle quoted by MSFC, and

found to be compatible.

1.2.2 S-IVB Passivation

Another area that was considered critical concerned the effects of
propulsive vents during the S-IVB passivation sequence on the rendezvous
operation., The analysis of this problem resulted in the decision to passi-
vate the S-IVB immediately after insertion and prior to the initiation of
the rendezvous maneuvers., The propulsive venting is done with the S-IVB
pitched up 72 degrees causing the insertion orbit to become slightly

elliptic.

1.2.3 S-IVB Instrumentation Unit Lifetime

The operational lifetime of the S-IVB instrumentation unit as stated
in the PMP remains unchanged at 7.5 hours. It is desired to have the
CSM complete the docking maneuver with the orbital workshop while the
workshop has an attitude control capability., However, the attitude control

capability exists only while the instrumentation unit is operational,



Deletion of the Lunar Mapping and Survey System and its associated dock-
ing and extraction maneuvers with the CSM and docking with the multiple
docking adaptor resulted in reducing the time of docking maneuver com-
pletion from 14. 5 hours (PMP) to 4 hours following AAP-2 lift-off. This
reduction in time insures the attitude control capability of the OWS during
the CSM OWS docking maneuver.

1.2.4 Service Module RCS Propellant Deficit

The SPS propellant requirements for the AAP-1/2 mission are well
below the maximum quantity that the Block II service module propellant
tanks can accommodate. However, the SM RCS propellant requirements
are far above the propellant storage capability., Because of the above, the
service module propellant tankage system modification was necessary.
This modification consists of removing a portion of the SPS tankage sys-
tem and adding a supplementary RCS tankage system, increasing the RCS
propellant quantity from 1200 pounds to 3583 pounds. This modification
allows the RCS propellant requirements for the AAP-1/2 mission to be
satisfied (Table 2).

1. 2.5 Recovery Area Lighting Conditions

The preliminary mission profile designed for the AAP-1/2 mission
results in unsatisfactory splashdown lighting conditions in the Western
Atlantic recovery zone after the 25th day of the mission. The recovery
area lighting constraint as stated in Reference 4 restricts splashdown to
no earlier than 1 hour prior to sunrise and no later than { hour prior to
sunset. This constraint insures daylight recovery operations. The
AAP-1/2 mission presented in this document is terminated after 25 days
and splashdown occurs 40 minutes prior to sunrise, (Figure 1), thus
satisfying the stated constraint. For each succeeding deorbit opportunity,
the time between splashdown and sunrise increases by approximately 36
minutes, thereby failing to satisfy the daylight recovery constraint. The
assumed launch time for the AAP-1 vehicle is 21:00 hours (GMT) (4:00
p. m. Eastern Standard Time); therefore, the mission duration cannot be
extended by a later launch time without violating the launch abort in day-
light constraint, Reference 4. It can be concluded that a 28-day mission
is incompatible with the stated launch and recovery lighting constraints;

however, a 25-day mission does satisfy these constraints.

4




2,

MISSION OBJECTIVES AND MISSION REQUIREMENTS

2.1 MISSION OBJECTIVES

The following mission objectives for AAP-1/2 were taken from the

Preliminary Mission Requirements document for Missions AAP-1 through

4 (Reference 1).

These objectives have not been published in an official

document but are based on the latest information available and are pre-

sented for information purposes only,

2.1.1 Primary

a)

b)

2.1.,2 Secondary

Conduct long duration mission (up to 28 days) using

a spent S-IVB stage (orbital workshop), an airlock,
an MDA,and an Apollo CSM. The mission is intended
to perform the following tasks:

1)

2)

3)

4)

5)

Evaluate effects of the long duration mission on
CSM/S-1IVB airlock systems and subsystems

Evaluate space flight environmental effects on
the crew and determine human task performance
capability during the long duration mission

Demonstrate hard-dock of the CSM to the MDA

Demonstrate passivation of the spent S-IVB stage
and activation of the workshop as a habitable
space structure

Verify the ability of mission ground support sys-
tems to support mission activities of extended
duration

Leave assembly in orbit for reactivation and reuse
up to 1 year later

Conduct experiments in the areas of science, applica-
tions, biomedical, technology, and engineering

2.2 MISSION REQUIREMENTS

The following mission requirements for AAP-1/2 were taken from the

Preliminary Mission Requirements document for Missions AAP-1 through 4,



(Reference 1). The mission requirements have not been published in an

official document but are presented as they are presently defined.

a)

b)

d)

f)

g)

h)
i)

AAP-1 will be launched from Complex 34 on a flight
azimuth which results in an inclination that will pro-
vide compatible launch windows for AAP-2 launched
1 day later from Complex 37B. Provisions must
also be considered to provide compatible launch win-
dows for Mission AAP-3/AAP-4 up to 1 year later.

The initial orbit for AAP-2 must be of sufficient
altitude to provide a minimum of 1-year lifetime (-20)
considering random orbital stabilization for the first
month of operation, gravity gradient stabilization
during all storage modes, and sun referenced sta-
bilization during the AAP-3/4 mission.

The CSM shall be hard docked during all attitude
maneuvers, during crew transfer, and throughout

periods when umbilicals are connected between the
CSM and MDA/airlock,

The S-IVB passivation will be accomplished automa-
tically insofar as possible, A manual backup capability
is required. Venting of LH; and LOX on the S-IVB
will be non-propulsive (maximum 2 feet per second AV)
following the initial vent immediately after orbital
insertion and insertion until after docking of the CSM

to the MDA,

The S-IVB/IU for AAP-2 shall provide attitude control
for CSM docking to the MDA. If the AAP-S-IVB/IU

7 1/2-hour attitude control lifetime is insufficient

for the mission, either an increased lifetime for the
present system or the use of the auxiliary attitude
stabilization system will be required,

Ground monitoring of the AAP-1/AAP-2 is required
throughout the mission, Monitoring during the latter
stage should be of similar magnitude to that of the
early phase of the mission,

The AAP-1/AAP-2 mission duration shall be planned

for up to 28 days referenced from the AAP-1 launch
to splashdown of the AAP-1 CM.

A backup deorbit capability for the CSM is required,

There will be no maneuvering of the orbital assembly
using the CSM-SPS,




3, SUMMARY OF INPUT DATA

The data presented in this section were obtained from References 2,
3,5,6,7 and 8 and from technical coordination meetings of MSC and TRW
personnel. Included in this section are those MSFN and spacecraft speci-
fications that form the basis for the preliminary mission planning of the
Apollo Applications Mission AAP-1/AAP-2,

3.1 SATURN LAUNCH VEHICLE

The Uprated Saturn I launch vehicle which will be used to insert both
the AAP-1 and AAP-2 payloads into initial earth orbit is comprised of the
S-IB and S-IVB stages, The ascent-to-orbit trajectories upon which the
preliminary mission planning is based were generated from Saturn IB
launch vehicle configurations presented in the AS-207 and the AS-208
launch vehicle reference trajectories (References 5 and 6), These launch
vehicle configurations are representative of those to be used for AAP-1

and AAP-2, respectively,
3.2 AAP-1 and AAP-2 SPACECRAFT

The AAP-1 spacecraft consists of a Block II Apollo CSM with modi-
fications and an operational spacecraft LM adapter (SLA)., The unmanned
AAP-2 spacecraft, or orbital workshop, consists of a spent modified
S-IVB stage, a SLA, the airlock (carried in the SLA on the LLM attach
points), a MDA and a nosecone. The AAP-2 vehicle and the combined
AAP-1/AAP-2 configuration are illustrated in Figures 2, 3, and 4.

The spacecraft data and specifications required to support this prelimi-

nary mission planning are presented in the following subsections.

3.2.1 Weight Characteristics

The spacecraft weight characteristics were obtained from Reference 3,

These data are summarized in Table 1,

3.2.2 Performance Characteristics

The performance characteristics of the SM-RCS were obtained
from Reference 2. In this preliminary mission planning, the RCS was

used primarily for translational maneuvers, Such maneuvers are assumed



to require four thrusters; the performance characteristics of a single RCS
thruster are shown in Table 3, The performance characteristics of the

SPS were obtained from Reference 3 and are summarized in Table 4.,

3,2.3 Reentry Aerodynamic Characteristics

The pertinent aerodynamic characteristics during reentry of AAP-1

were obtained from Reference 3 and are presented in Table 5.

3.3 MSFN STATIONS

The MSFN stations to support Apollo Applications Mission
AAP-1/AAP-2 have not been officially identified, For trajectory simu-
lation purposes, the MSFN stations to be used for Apollo Mission AS-503
(References 7 and 8)were assumed available except that the ship posi-
tions have been altered. The locations and capabilities of these stations

are summarized in Table 6. MSFN station coordinates are referenced to
the Fischer ellipsoid.




4, NOMINAL MISSION ANALYSIS AND DESCRIPTION

The description of Apollo Applications Mission AAP-1/2 resulting
from the trajectory analysis performed during the preliminary mission

planning is presented in this section,
4.1 FIRST PERIOD OF ACTIVITIES

The first period of activities for Apollo Applications Mission
AAP-1/AAP-2 is initiated at 21:00 hours GMT (4:00 p.m. EST) on an
assumed date, 15 January 1969, with the lift-off of AAP-1 from launch
. complex 34 at Cape Kennedy along a flight azimuth of 83 degrees. The
S-IVB/CSM is inserted into an 81- by 110-nautical mile orbit approxi-
mately 595 seconds after lift-off.

At approximately 2 hours 22 minutes ground elapsed time (g.e.t.),
an SPS maneuver to circularize the orbit at 110 nautical miles is performed
at second apogee, immediately prior to acquisition by the Carnarvon

tracking station.

The 110-nautical mile circular orbit provides a launch window the
following day for a near inplane launch of the orbital workshop (OWS). A
near inplane launch minimizes booster yaw steering and performance loss.
This orbit also provides recurring launch opportunities for successive
days (see Figure ;5‘) with a similarly small yaw steering requirement,

(Two launch opportunities a day for at least 4 days are desirable. )

Trajectory data pertinent to the first period of activities are pre-
sented in graphical and tabular form at the end of the text. Figure 6 shows
the timeline from AAP-1 lift-off through the circularization maneuver as a
function of g.e.t. Table 7 lists the periods of daylight and darkness up to
the end of the rendezvousisequence. The ground tracks for the first 5 7
orbit revolutions are shown in Figure 7. MSFN acquisition and loss times

for the CSM's first 20 revolutions are given in Table 8.



4,2 SECOND PERIOD OF ACTIVITIES

With the CSM coasting in the 110-nautical mile circular orbit, the
second period of activities is initiated with the lift-off of AAP-2 from
launch complex 37B on 16 January 1969, 20 hours, 24 minutes and 15
seconds GMT (approximately 23 hours 24 minutes g, e.t.) along an azimuth

of 83,3 degrees.

Insertion of the OWS (AAP-2) into a 260-nautical mile circular orbit
occurs approximately 588 seconds after lift-off and precedes the CSM by a
29, 4-degree central angle, The S-IVB passivation sequence is initiated
about 1 minute after OWS insertion, and consists of dumping the oxidizer
and hydrogen fuel through the J-2 engine nozzle which produces an inplane
impulse of approximately 45 feet per second. In order to minimize the
required radial velocity component for the CSM at the coelliptic maneuver
point, the OWS is pitched up 72 degrees from the local horizontal at the
time of this passivation impulse. This results in an OWS orbit of 257 by
270 nautical miles with perigee shifted about 60 degrees west of the inser-

tion point, thereby coinciding inertially with the desired maneuver line.

One hour, 23 minutes, and 6 seconds after OWS insertion, the CSM
performs a phasing (Nc 1) maneuver to initiate the rendezvous sequence.
This maneuver at approximately 1 day 0 hour 56 minutes g. e.t. consists
of a 17-second SM-RCS four jet ullage phase followed by a 10, 4-second
SPS thrusting period. The AV obtained from this burn is 242, 8 feet per
second and the resulting CSM orbit is 109 by 248 nautical miles. MSFN
coverage is provided by the Mercury tracking ship.

About 45 minutes after the NC1 maneuver, the CSM will perform a
corrective combination .(NCC) maneuver. This maneuver is initiated at
apogee of the orbit, (1 day 1 hour and 2 minutes g.e.t.), with a 17-second
- ullage maneuver followed by a 10, 0-second SPS burn yielding a AV of
239. 5 feet per second. The resultant CSM orbit is 247 by 248 nautical
miles. The major purpose of the maneuver is to adjust the perigee height;
however, any phase or planar dispersions, or both, will also be corrected
at this point. The MSFN coverage will be provided by the Redstone track-
ing ship.

10




The coelliptical maneuver (NSR) will be performed 45 minutes
after the NC (maneuver at approximately i1 day 2 hours 28 minutes g, e. t.
This SM-RCS maneuver (AV = 21, 1 feet per second) is initiated at apogee
and is designed to place the CSM on an ellipse that is coelliptic (the orbits"
apsides aligned) with that of the OWS, This coelliptic condition maintains
a near-constant height differential of 10 nautical miles between the two
orbits until after the TPI maneuver, The nominal NSR maneuver was
planned as an RCS burn for convenience so that the CSM crew can quickly
resume optical tracking of the target; i, e., one man can remain in the nav-
igation bay, which is not possible if the SPS is utilized, MSFN coverage

is provided by the Hawaii tracking station.

Approximately 30 minutes following the NSR maneuver, the terminal
phase inititation (TPI) maneuver is performed at approximately 1 day
2 hours 58 minutes g.e.t. TPl is a 44, 3-second RCS burn of 19, 7-feet
per second AV, which places the CSM on a trajectory that will intercept
the OWS after 140 degrees of central angle travel, MSFN coverage during
this burn will be provided by the Redstone tracking ship.

The terminal phase finalization (TPF) maneuver is initiated following
a coast of 36 minutes 36 seconds after TPI at approximately 1 day 3 hours
35 minutes g.e.t., about 4 hours 11 minutes after OWS lift-off, This
theoretical maneuver to rendezvous consists of 52.5 seconds of RCS burn,

providing a AV of 23. 3 feet per second.

Post-rendezvous stationkeeping and docking with the OWS will be
covered by United States MSFN stations.

The trajectory data pertinent to the second period of activities are
presented at the end of the text. Figure 8 presents a timeline of the major
events of this second period of activities. Figure 9 shows the relative
motion of AAP-1 and AAP-2 during the rendezvous. Figure 10 depicts
the relative range and range rate between AAP-1 and AAP-2 as a function
of g.e.t. The rendezvous orbit geometry of AAP-1/AAP-2 is shown in
Figure 11. Tables 9 and 10 show the discrete events and the state vectors
of the first two periods of activity, respectively. The ground tracks for

revolutions 16 through 20 are shown in Figure 12. As noted previously,

11



the periods of daylight and darkness and the MSFN acquisition and loss

times for the first two periods are presented in Tables 7 and 8.

4.3 THIRD PERIOD OF ACTIVITIES

The third period of activities will be devoted to performing experi-
ments. Following the rendezvous and docking of the CSM with the orbital
workshop, the vehicles coast in an elliptical orbit at an altitude of approxi-
mately 257 by 270 nautical miles for about 24.5 days. This period will be
devoted to demonstrating the suitability of the spent S-IVB stage as a
habitable space structure in the orbital workshop configuration and to
evaluating the performance of orbital workshop crew operations for a
mission duration up to 28 days., A preliminary description of the asso-

ciated experiments is provided in Reference 1,
4.4 FOURTH PERIOD OF ACTIVITIES

Following the 24, 5-day coast period and approximately 3 hours prior
to the deorbit maneuver, the CSM separates from the orbital workshop.
Approximately 10 minutes prior to the deorbit burn, the CSM is maneuvered
into the proper retrograde attitude (pitched down 53,2 degrees from the
local horizontal in the negative velocity vector direction). This attitude is

31. 7 degrees below the line-of-sight vector to the horizon.

An SPS deorbit has been used in this preliminary mission plan. At
a g.e.t. of approximately 25 days 11 hours 18 minutes, an SM-RCS ullage
maneuver lasting {7 seconds is initiated. One second prior to completion
of the ullage maneuver, the SPS is ignited and burns for 25.95 seconds.
This SPS burn produces a AV of 709, 2 feet per second and places the CSM
on an ellipse that intersects the earth's atmosphere; a resultant inertial
flight-path angle of 1,89 degrees below the local horizontal is achieved at
the entry interface altitude of 400, 000 feet., The deorbit sequence is
designed so that splashdown occurs in the Western Atlantic primary
recovery area at 60° West longitude to insure that debris from the SM does
not fall on the mainland. The deorbit maneuver occurs in darkness, The
deorbit maneuver must be initiated east of Hawaii to insure CM splashdown

in the Western Atlantic recovery area, This precludes use of the Hawaii
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tracking facilities and necessitates using a tracking ship for MSFN cov-

erage of the deorbit maneuver,

A coast of 22,8 minutes follows the deorbit maneuver until the entry
interface altitude is reached. Approximately 5 minutes prior to reaching
this altitude, the SM is jettisoned, and the CM maneuvers to the desired
entry orientation, The CM is in a retrograde attitude and pitched up

approximately 21 degrees for entry,

At a g.e.t. of 25 days 12 hours 49 minutes 44 seconds, the CM
reaches the atmospheric entry altitude of 400, 000 feet with an inertial
velocity magnitude and a flight-path angle of 25,983, 3 feet per second and

1.89 degrees below the local horizontal, respectively.

The entry trajectory was established without the use of guidance,
An average bank angle of 55 degrees was used to simulate the aerodynamics
during the entry and, according to previous entry studies (Reference 9),

results in CM splashdown near the center of the landing footprint,

Drogue chute deployment begins when the CM reaches an altitude of
23,500 feet. This event occurs 7 minutes 43 seconds after reaching the

entry interface altitude,

Main chute deployment begins when the CM reaches an altitude of
10,200 feet, This event occurs 25 seconds after the drogue chute
deployment.

The mission is terminated ata g.e.t. of 25 days 13 hours 0 minutes
21,7 seconds with CM splashdown at 21, 2° North latitude and 59, 5° West

longitude.

The total earth relative range from entry interface altitude to splash-

down is approximately 1295 nautical miles,

Trajectory data pertinent to this period of activities are presented in
graphical and tabular form at the end of the text, Figure 1 depicts the
major events from deorbit to splashdown, including the periods of daylight
and darkness, and the available MSFN coverage, as a function of AAP-1

13



g.e.t. Figure 13 is an earth ground track 6f AAP-1 showing the CM entry
and splashdown. Figure 14 is a longitude history of spacecraft inertial
flight-path angle, altitude, and earth relative velocity from deorbit impulse
to splashdown. Table 11 is a discrete events summary for the fourth

period of activities.
4.5 SPS AND RCS PROPELLANT BUDGET

Table 2 represents a preliminary SPS and RCS propellant budget
for the AAP-1/AAP-2 mission, Estimates of propellant usage for those
events not generated in the trajectory simulation have been included to
present a complete evaluation of the SPS-RCS propellant requirements.
It can be seen that the propellant available is sufficient to support the
AAP-1/2 mission,

14




Table 1a. AAP-1 Payload Weight Characteristics

Item Predicted Weight (1b)

Command Module 12512
Service Module (Less Propellant) : 9473
SPS Propellant 4398
RCS Propellant 3583
Spacecraft LM Adapter (SLA) 3947
Launch Escape System (LES) ' 8650
Total Payload Weight At Liaunch 42563
LES Jettison . , -8650
Total Payload Weight Inserted 33913
Into Orbit
SLA Jettison (With S-IVB) | -3947
Total Spacecraft Weight In Orbit 29966

Note: Payload is defined as all components above the instrumentation
unit.
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Table 1b, AAP-2 Payload Weight Characteristics

Item Predicted Weight (1b)
Airlock 14300
Multiple Docking Adapter (MDA) With . 6027
Experiments
S-IVB Modifications 3200
S-IVB Solar Arrays 2741
Spacecraft LM Adapter (SLA) With . .4100
Modifications
Nose Cone , 1000
Total Payload Weight At Launch 31368
Nose Cone Jettison ' : - =1000
Total Payload Weight Inserted 30368
Into Orbit ' '
Inert S-IVB Stage ER 21946
Instrumentation Unit (IU) , _ , 4300
Total AAP-2 Vehicle Weight In 56614
Orbit

Note: Payload is defined as all components above the Tnstrumentation Unit
plus weight of structural modifications to the S-IVB (including solar
arrays) as required for the orbital workshop,
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Table 3, RCS Thruster Performance Characteristics

Thrust Flow Rate

(1b) (lb/sec)

99.7 0.36

Note: The above are nominal single engine values tor
steady state operation (vacuum).

Table 4, SPS Performance Characteristics

Thrust 20,290 1b %1, 5 percent
Specific Impulse 313,5 %2 sec

Oxidizer Flow Rate 39,72 lb/sec %3 percent
Fuel Flow Rate 24,66 lb/sec £3 percent

Mixture Ratio 1,6/1 £3 percent

Note: The above are nominal values, for
steady state operation (vacuum).
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Table 5a. Command Module Reentry Trim Aerodynamic Coefficients

% rim C, C
M (deg) ~ Lrim . Perim Y/Duin
0.2 169, 7 0,267 - 0.816 0,327
0.4 165, 4 0.281 0. 845 0.332
0.7 161.9 0.292 0.964 0.303
0.9 158.7 0. 361 1,037 0.348
1.1 152, 5 0. 530 1. 141 0. 464
1.2 152, 3 0. 524 1,124 0. 466
1.35 150, 7 0,612 1.235 0. 495
1. 65 150, 4 0. 582 1,226 0. 475
2.0 150, 2 0. 553 1,211 0. 457
2.4 150. 6 0. 530 1.190 0. 445
3.0 151, 5 0. 500 1. 161 0. 431
4,0 153, 7 0. 464 1.167 0.398
Hypersonic 157. 4 0. 425 1.236 0. 340

Note: Reference length of CM = {54, 0 in.
Reference area of CM = 129, 5 ft2
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Table 5b. Command Module Normal Parachute Descent Events
and Aerodynamics

Altitude & Time. CDS (per ;:hute) .
(£t) (sec) | (££2) ~ Event
23,500 - + 0.0 00 High-altitude baroswitch
y closed (actuate ELS)
+ 2.0 -0, Deplay drogue chutes
+ 2.8 - 40 Drogue chute reefed infla-
: FUNE tion (39 percent reefing)
+10.7 40 Dfogue chute disreef
+ 11“..0‘ v 68 Drogue chutes full open
- S (62 percent reefing)
10,200 + 0,0 0 Low-=altitude baroswitch
' ‘ ' closed; pilot mortar fire
+ 2,1 0 Main chute line stretch
+ 3.5 300 Reefed inflation (9.5 per-
o R T 77 cent reefing)
+10.0 300  Begin main chute disreef
+ 13,0 4000 Mains full open

Note: Drogue parachute reference diameter, Do = 13,7 ft, 25-degree
conical ribbon, Main parachute reference diameter, Dg = 83, 5 ft;
fifth ring is 75 percent removed,
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Table 10. Orbital Elements Following the Nominal Maneuvers

A=SEMI=MAJOR AXIS (INT.FT) vV =INENTIAL VELOCITY
E=ECCENTRICITY : § -INERTIAL. PLIGHT-PATH ANGLE (DEG)
I=-INCLINATION (DEG) P =INERTIAL HEADING ANGLE (DEG)

@=ARGUMENT OF PERIGEE (DEG) A R =RADIUS (INT.FT)
H=INERTIAL ASCENDING NODE={(DEG) LO=-EARTH FIXED LONGITUDE (DEG)
L=MEAN ANOMALY (DEG) LA=GEOCENTRIC LATITUDE (DES)

XeYeZ COMPONENTS OF VEHICLE POSITION IN EARTH CENTERED,RIGHT HANDED.
INERTIAL COORDINATE SYSTEM, SYSTEM ORIENTATED AT GMT=0 WITH X-2
PLANE THROUGH ZERO LONGITUDE AND X=Y PLANE CONTAINING THE EQUATOR.
THE 2 AXIS PASSES THROUGH THE NORTH POLE (FT)

XD,YD»20 VELOCITY COMPONENTS IN THE ABOVE INERTIAL COORDINATE
SYSTEM (FT/SEC)

CSM INSERTION VECTOR

DAY HOUR MIN SEC
' =N, 4uP0036885 0T

A = 0.2150%Qu1E N8y = .257078e1 0S5 A =
F = 0.4820911%F=N" G = «(,1804%0377=N5 | = =N,1,2°757yE uR
GMT 00:21:10:03.0 1T T 0.288&NM0QBFE N2 P = (L O4NUPARLTE 02 . = N, 1 2440758 uf
G T 0.,9737OK4AF N2 R I L.214u%110F OB A2 N, 247770ALE 05
H = 041582772% N L0: =(.A16724998F 02 7= =0, 410677E U4
L= 0.3590006%F NT LAz (,285904810F 02 72 =1,1,97677:c Q4

CSM CIRCULARIZATION MANEUVER
AT 0.21502RFRF NB v = (,258517¢0" 0€ AT 039RMAL e U7
F = 0.7SH0RNROFE=NT G = «g JR178725F=04 = N,1,571125E vt
o T = 0.288RRATHOF N2 P = U RSN1LQ2F 02 o T =N 1 27201 E v

MT 00:23:
GMT 00:23:22:09.4 G = =0.408URNAEE N F = | R2L1R7R5LTF NR ATZ =0, 010F74u04F US
M 0LJL8TERTATE AT L6 L RRUSEJEET 02 (D= NFLUA3INTE (U
I = 0.3590UA8NF AT | 4z =y ,2840ta38r N2 = N1 u% 12204 U
OWS INSERTION VECTOR

A T 0.22u00830F N8V . L 2502TB08F NS 4 T =N, g tTOLRG0 U7
F = 0e448N02721F=NT & 2 «u,3091%_,4r=0? | = -n,17°~quu:g ne
GMT 01:20334202.6 T T 0.428BA0927F N2 P 2 ,01050,56r N2 = N,1,7%7014C Ub
F T 0935FANAAF A P 2 Le22UL07.0F OR  A7Z N o B20.8E U
M T 041S0SRARRE MY Li2 =L ABT1I%,60F N2 (N= =N, 1, N"87 L (5
I 2 0.35900004F A% LAZ  y,2dAUOQRET 12 NT =N, 7,27°504F 7

* X=AX1S REFERENCED THROUGH GREENWICH MERIDIAN AT MIDNIGHT (GMT=
PRIOR TO LAUNCH, ‘ (eHT=0)
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Table 10.

Orbital Elements Following the Nominal Maneuvers

(Continued)
OWS PASSIVATION

DAY HOUR MIN SEC
A = 0,22%4130E 08 V = 0.25037298F 05 X = -0.6B8403092E
€ = 0,22657881€-02G = 0,95868815€-01 v = -0, 18%331048¢¢E
R 1 = 0.28870433E 02 P = 0.94419221E 02 Z = 0,1075152CF
GMT 0122033531340 ¢ . 0,50360202¢ 02 R = 0.22489718F 08 XO= 0,2308€174€
H = 0.15055638F 03 LO= -0.60895887F 02 vos -0,95641619¢
L = 0.47505640F 02 (A= 0,28%59022F 07 20= -0.TET44345¢

PHASE ADJUSTMENT MANEUVER (NC1)

A= (.72014900F OB vy = 0.25802880F 05X = -N,20051521E
E = 0.202107076-01 G = 0,1752110%F-02Y = -0,34740805¢
1212578 I = O0,28876R20FE 02 P = 0,68147225F 022 = 0.71505627€
OMT 0132155731348 ¢ . 7,1261209E 02 p = 0.71569963F 0AKD= 0.7224858] ¢
H = 0,15025177€ 02 Lg= -0.14134545F 03 YD= =C.23053R0CE
L = 0.84923157F-0) A= 0,193401R2F 02 20= 0.9T61E8%4¢E

GMT 01322342146, 4

IO =~MNP>

GMT 01:23:28236.4

I~ MMP>

GMT 01:23:58:5S5,0

FID=MN>

GMT 02:00:35:35,6

FID=—-m»

CORRECTIVE COMBINATION MANEUVER (NCC)

0.22431812€ 08
N.828%%0A3E-C3
0.2R87R4&L0E 02

«0.121926A7F 02

0.15002129F 02
0.24%67421€ 0*

CO=ELLIPTICAL MANEUVER (NSR)

N.226T1362E ON
0.,28206091F=02
0.788RYOSAF (2
N.L0A9Q127E 0?

G

[

vV =
G =
P =
R =

LO=

0.2%5070%81F 05

-0,1175579%-01

0.11172148F 03
0,22412805F QA
Ce2T355860F 02

X
Y
7
Xn=
YD=

LA= -0,108002009F 02 /)=

[

0.14980437E 02 0=

=0,47131678F 00 tas=

“0,1&777204F

0.?509910% 05

-C.13331584F-02

02
0R
o
n?

Nek7160T28F
Ce224n79R1YF

0.,Y8YTS1VIF

0.208C52 75€
0.3656SCI8E
=0, 7481 95S0E
-C.7CR7EC24E
Ce224NC152F
-0, BT4B4004F

=N 2116025‘%

=(e234£75¢RE ¢

Qe SRS RLT0OF
0.55705472F
-0, 22655268
N, 025F0062F

TERMINAL PHASE INITIATION (TPI)

0.72507590F 08
C.26277548F-02
N, ?AR93IRTIE 02
N.10%25724F 02 R

v
G
P

0, 14980472F 02 LN=
0,5122491F 02 LAs=

VELOCITY

N,22%2¢R859C QR YV
QCo1TTE4LRRBE=-0T G
c>p
2R
ML=
N2L A=

N.78RTESSIE
fet3arayjor
0.14941037F
=N.T46T02042F

33

Ce2°06G212F
Ne11777024F
Ne¥1630684F
0.22470762F
~0.52620761¢F
N INB4T0RLF

Ce?25007702F 0§

=N.99096847E~01 ¥

Ce750180705 02
fe22517721F 0R
CeTRTETLERE 02

05 X
noy

X =
l =
XQ=
Y=

~0e?5472070F 02 20=

741390 74C6F
-0.17126100€
0.426 75981
Ce LRTZC12EE
£.12370R27E

C’ = =0,11119872F

MATCH AT RENDEZVOUS (TPF)

0e12012€77¢
0o 027 B27GF
~NsG6BLE2GRE
=C,242640605F
Ce?2T20CSETTE
N.55111210¢

a7
08
08
95

b4

Ca
07
o7
N4
as
04

o]}
a7
07
04
0s
C4

Jd3

£7
04

04

Co

N7
05
ns
25

o
cs
a7

Ce
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Figure 3, AAP-1/2 Spacecraft Cluster Configuration
(CSM Broadside)
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Figure 4, AAP-1/2 Spacecraft Cluster Configuration
(CSM Head-on)
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@cCsm

® CSM COMBINATION HEIGHT
AND PHASE MANEUVER (N-)

RESULTANT ORBIT
= 247/248

(® CSM BRAKING AND
RENDEZVOUS WITH OWS.

COELLIPTIC
MANEUVER
RESULTANT ORBIT
247/260

OWS AT INSERTION
(260 N. MI. ALTITUDE)
OWS ORBIT AFTER PASSIVATION = 257/270

(D CSM AT TIME OF JOWS INSERTION [10/110 ORBIT

(@ CSM PHASING MANEUVER (N¢/)

RESULTANT ORBIT
= 109/248

Figure 11. Orbital Geometry/Second Period of Activities
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